General information
Tetrahydrofuran was dried with Na and distilled freshly before use. Et 3 N was dried with NaH and distilled freshly before use. Other materials and solvents were purchased from commercial suppliers and used without additional purification. NMR spectra were measured in CDCl 3 and recorded on Bruker Avance spectrometers operating for 1 H NMR at 400 MHz, for 13 C NMR at 100 MHz and for 31 P at 160 MHz.
Chemical shifts are expressed in ppm and J values are given in Hz. Mass spectrometry data of the products were collected with an HRMS-TOF instrument GCT Premier, which is produced by WATERS company, and the collision energy is 70 eV. Infrared spectra were recorded with a Bruker ATRFTIR spectrometer.
Experimental procedures：
Optimization of the reaction conditions: 9, 148.7, 147.4, 136.1, 135.6, 133.2, 131.9, 129.9, 128.5, 127.8, 124.4, 124.1, 123.1, 120.6, 117.4, 61.6, 52.1, 43.1, 40.4; IR (neat) 197.6, 148.9, 147.4, 136.1, 135.6, 135.5, 133.2, 131.8, 128.7, 127.9, 124.4, 124.1, 123.1, 120.6, 117.4, 61.6, 43.1, 40.3, 26.6; IR (neat) 
2-(1-(3,4-Dichlorophenyl)but-3-en-1-yl)-3-methoxybenzo[b]thiophene (2c)
Yellow oil; 129 mg, 71% yield 4, 143.8, 136.1, 135.3, 133.2, 132.5, 131.5, 130.6, 130.4, 129.7, 127.2, 124.5, 124.2, 123.1, 120.7, 117.6, 61.7, 42.3, 40.3; IR (neat) 146.6, 136.1, 135.0, 133.1, 130.8, 128.6, 124.6, 124.3, 123.8, 123.1, 120.7, 117.9, 61.7, 42.9, 40.2; IR (neat) 7, 149.5, 147.8, 136.1, 135.0, 133.0, 130.4, 124.6, 124.2, 123.1, 120.7, 117.8, 61.6, 42.4, 39.8; IR (neat) 4, 166.8, 147.4, 137.2, 135.6, 135.1, 134.1, 132.7, 129.9, 128.8, 127.8, 124.8, 124.5, 122.8, 120.2, 117.6, 52.1, 43.6, 39.9, 20.5; IR (neat) 4, 166.9, 147.6, 137.2, 135.9, 135.2, 134.8, 132.6, 130.5, 129.9, 128.7, 127.8, 126.2, 122.6, 119.9, 117.5, 52.1, 43.5, 39.9, 21.6, 20.5; IR (neat) 3414 , 3, 166.8, 147.1, 136.9, 136.5, 134.8, 134.7, 131.2, 130.8, 120.0, 128.9, 127.8, 125.4, 122.4, 121.2, 117.8, 52.1, 43.6, 39.8, 20.5; IR (neat) 129.0, 128.5, 126.9, 120.7, 118.7, 114.9, 112.3 
3-Methoxy-2-(1-(4-nitrophenyl)but-3-en-1-yl)benzo[b]thiophene (2d)

4-(1-(3-Methoxybenzo[b]thiophen-2-yl)but-3-en-1-yl)pyridine (2h)
